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  ﭼﻜﻴﺪه
زﻳﻨﻚ ﻳﻜﻲ از اﻣﻼﺣﻲ اﺳﺖ ﻛﻪ ﺧﻮاص ﻓﻴﺰﻳﻜﻮﺷﻴﻤﻴﺎﻳﻲ و ﺑﻴﻮﻟﻮژﻳﻜﻲ ﺧﺎﺻﻲ دارد. اﻫﻤﻴﺖ زﻳﻨﻚ در  ﻣﻘﺪﻣﻪ:
رﻏﻢ ﻓﻮاﻳﺪ ﺑﺴﻴﺎر، دوزﻫﺎي ﺑﺎﻻي زﻳﻨﻚ  ﻫﺎ ﭘﻴﺶ ﺷﻨﺎﺧﺘﻪ ﺷﺪه اﺳﺖ. اﻣﺎ ﻋﻠﻲاﻧﺴﺎن و ﺣﻴﻮاﻧﺎت از ﺳﺎلﺳﻼﻣﺘﻲ 
ﻓﺮد  ﺑﻪ ﻫﺎي ﻣﻨﺤﺼﺮ ﻫﻢ رﻳﺨﺘﻦ ﻫﻤﻮﺳﺘﺎز ﺳﻠﻮﻟﻲ و ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﺷﻮد. اﻣﺮوزه ﺑﻪ دﻟﻴﻞ وﻳﮋﮔﻲ ﺗﻮاﻧﺪ ﺑﺎﻋﺚ ﺑﻪ ﻣﻲ
ﻧﺎﻧﻮذرات، ﺗﻮﻟﻴﺪ ﻧﺎﻧﻮذرات زﻳﻨﻚ ﺑﺮاي ﻣﺼﺎرف ﻣﺨﺘﻠﻒ داروﻳﻲ و آراﻳﺸﻲ اﻓﺰاﻳﺶ ﻳﺎﻓﺘﻪ ﻟﺬا ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ اﺣﺘﻤﺎل 
ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﻧﺎﻧﻮذرات ﻗﺒﻞ از اﺿﺎﻓﻪ ﻛﺮدن آﻧﻬﺎ در ﻓﺮﻣﻮﻻﺳﻴﻮن دارو، ﺑﺮرﺳﻲ ﺳﻤﻴﺖ اﻳﻦ ﺗﺮﻛﻴﺒﺎت اﻫﻤﻴﺖ دارد. 
ﻫﺎ ﺑﺎ  ﺑﺮرﺳﻲ ﺷﺪ و ﻣﻜﺎﻧﻴﺴﻢ آﺳﻴﺐ آن 21CPﻫﺎي  در اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﺳﻤﻴﺖ ﻋﺼﺒﻲ ﻧﺎﻧﻮذرات زﻳﻨﻚ ﻋﻠﻴﻪ ﺳﻠﻮل
  ﻫﺎي رﻧﮓ ﺳﻨﺠﻲ ﻓﻠﻮروﺳﻨﺖ و ﺗﺮﺷﺢ آﻧﺰﻳﻤﻲ ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ. اﺳﺘﻔﺎده از روش
و اﻣﻮاج ﻣﺎﻛﺮووﻳﻮ ﻛﻪ ﻗﺎﺑﻠﻴﺖ  arev aludnavaLﺑﺮاي ﺑﻴﻮﺳﻨﺘﺰ ﻧﺎﻧﻮذرات روي از ﻋﺼﺎره ﺑﺮگ ﮔﻴﺎه روش ﻛﺎر: 
ﺑﻪ ﻋﺼﺎره ﺑﺮگ ﮔﻴﺎه  OnZﺑﻌﺪ از اﺿﺎﻓﻪ ﻛﺮدن را روي ﻧﺎﻧﻮذرات روي دارﻧﺪ، اﺳﺘﻔﺎده ﺷﺪ.  ﻫﺎ ﻳﻮناﺣﻴﺎي 
دﺳﺖ آﻣﺪن ﻣﺤﻠﻮل ﺗﻴﺮه رﻧﮕﻲ ﻛﻪ ﺷﺎﻣﻞ ﻧﺎﻧﻮذرات زﻳﻨﻚ  و اﺣﻴﺎء ﺗﻮﺳﻂ اﻣﻮاج ﻣﺎﻛﺮووﻳﻮ و ﺑﻪ arev aludnavaL
 05CIاﺳﺘﻔﺎده ﺷﺪ و  TTMﻫﺎ را ﺳﻪ ﺑﺎر ﺷﺴﺘﺸﻮ دادﻳﻢ. ﻧﺎﻧﻮذرات زﻳﻨﻚ ﺗﻮﻟﻴﺪ ﺷﺪه در ﺗﺴﺖ  ﻣﻲ ﺷﻮد، آن
ﺷﻮد، ﻣﺤﺎﺳﺒﻪ ﻣﻲ 21CPﻫﺎي  % ﺳﻠﻮل05ﻧﺎﻧﻮذرات زﻳﻨﻚ ﺑﻪ ﻋﻨﻮان ﻛﻤﺘﺮﻳﻦ ﻏﻠﻈﺘﻲ از ﻧﺎﻧﻮذرات ﻛﻪ ﺑﺎﻋﺚ ﻣﺮگ 
و روش ﺗﺮﺷﺢ  321ﺳﻨﺠﻲ ﺗﻮﺳﻂ روداﻣﻴﻦ ﺷﺪ. ﺳﭙﺲ ﺑﺮاي ﺑﺪﺳﺖ آوردن ﻣﻜﺎﻧﻴﺴﻢ ﺳﻤﻴﺖ ﻋﺼﺒﻲ از روش رﻧﮓ
   ﺑﺮ ﻃﺒﻖ ﭘﺮوﺗﻜﻞ اﺳﺘﻔﺎده ﮔﺮدﻳﺪ. (HDL ﻻﻛﺘﺎت دﻫﻴﺪروژﻧﺎز ) آﻧﺰﻳﻤﻲ ﺗﻮﺳﻂ آﻧﺰﻳﻢ
- 08 mnآﻧﻬﺎ در ﻣﺤﺪوده  يا ذرهﻧﺘﺎﻳﺞ ﻧﺸﺎن داد ﻛﻪ ﻧﺎﻧﻮذرات روي ﺳﻨﺘﺰ ﺷﺪه ﻛﺮوي ﺷﻜﻞ ﺑﻮده و اﻧﺪازه ﻧﺘﺎﻳﺞ: 
ﻟﻴﺘﺮ ﻣﻴﻜﺮوﮔﺮم ﺑﺮ ﻣﻴﻠﻲ 26/5 ﻗﺮار دارد. آﻧﺎﻟﻴﺰ ﻧﺘﺎﻳﺞ ﺗﺴﺖ ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﻧﺎﻧﻮذرات ﻧﺸﺎن داد ﻛﻪ در ﻏﻠﻈﺖ 03
 ﻫﺎيدر ﻏﻠﻈﺖ HDLدرﺻﺪ ﻛﺎﻫﺶ ﻳﺎﻓﺖ و در روش ﺗﺮﺷﺢ آﻧﺰﻳﻤﻲ ﺑﺎ اﺳﺘﻔﺎده از  05زﻧﺪه ﺑﻪ  يﻫﺎ ﺳﻠﻮلﻣﻴﺰان 
120 ،60 ،30 ﻲﻠﻴﻣ ﺮﺑ مﺮﮔوﺮﻜﻴﻣﺮﺘﻴﻟ  تارذﻮﻧﺎﻧ ﺖﻈﻠﻏ ﺶﻳاﺰﻓا ﺎﺑﻚﻨﻳز ﺐﻴﺳآ ﻪﺠﻴﺘﻧ رد و ﻢﻳﺰﻧآ ﺢﺷﺮﺗ ناﺰﻴﻣ ،
.ﺖﻓﺎﻳ ﺶﻳاﺰﻓا ﻲﻟﻮﻠﺳ  
 ﻦﻴﻣادور ﻂﺳﻮﺗ ﻲﺠﻨﺳ ﮓﻧر ﺖﺴﺗ رد ﻦﻴﻨﭼ ﻢﻫ123  ردﺖﻈﻠﻏ ﺎﻫ ي60 و 30 ﻣﻴمﺮﮔوﺮﻜ ﺮﺑ ﻣﻴﻠﻲ ﻟﻴﺮﺘ   ﺶﻳاﺰﻓا ﺎﺑ
.ﺖﺳا ﻪﺘﻓﺎﻳ ﺶﻳاﺰﻓا ﻢﻫ يرﺪﻨﻛﻮﺘﻴﻣ نﺪﺷدازآ و ﻲﻟﻮﻠﺳ يﺎﺸﻏ ﺐﻴﺳآ ﻪﺠﻴﺘﻧ رد و هﺪﺷ هﺪﻫﺎﺸﻣ ﮓﻧر ناﺰﻴﻣ ،ﺖﻈﻠﻏ  
ﻲﻣ ﻻﺎﺑ ﺖﻈﻠﻏ رد و ﺖﻈﻠﻏ ﻪﺑ ﻪﺘﺴﺑاو ترﻮﺻ ﻪﺑ ﻚﻨﻳز تارذﻮﻧﺎﻧ :يﺮﻴﮔ ﻪﺠﻴﺘﻧ ﻲﮕﺘﺨﻳر ﻢﻫ ﻪﺑ ﺚﻋﺎﺑ ﺪﻧاﻮﺗ
 ،دﻮﺷ يرﺪﻨﻛﻮﺘﻴﻣ ﻪﺑ ﺐﻴﺳآ و ﺎﺸﻏ ﻲﮕﭼرﺎﭙﻜﻳﻌﻟﺎﻄﻣ ﺎﻣاﺎ عﻮﻧ ﻦﻳا ﺖﻴﻤﺳ ﺎﺑ ﻂﺒﺗﺮﻣ ﻢﺴﻴﻧﺎﻜﻣ درﻮﻣ رد يﺮﺘﺸﻴﺑ ت
.دﻮﺷ ﻲﻣ دﺎﻬﻨﺸﻴﭘ تارذﻮﻧﺎﻧ  
:يﺪﻴﻠﻛ تﺎﻤﻠﻛ ﻮﻧﺎﻧ ﻲﺘﺴﻳز ﺖﻴﻤﺳ ،ﻮﻳووﺮﻛﺎﻣ جاﻮﻣا ،ﻚﻴﻧژﻮﻴﺑ ﻚﻨﻳز ،ﻲﺒﺼﻋ ﺖﻴﻤﺳ.  
Abstract 
Introduction: Zinc (Zn) is one of the trace elements with special physico chemical and 
biological properties. Its importance for human and animal health has been known for several 
years, but despite its various benefites, its high doses could cause to sever cellular homeostasis 
disorders and significant cellular toxicity. Today, due to the unique nature of nanoparticles, the 
production of zinc nanoparticles (Zn NPs) for various pharmaceutical, cosmetic significantly 
increased, but considering their safty and probable cellular toxicity before administration of this 
nano size compounds as pharmaceutic agent has great importance. In this study, neurotoxicity of 
Zn NPs against PC12 cells was evaluated and the mechanism of this injury was further studied 
using fleurcent staining and enzyme secretion assay.  
Methods: For the biosynthesis of Zn NPs, leaf extract of Lavandula vera and irradiation 
microwave was used as reducing agent for production of Zn NPs. After mixing ZnO with 
Lavandula vera leaf extract, microwave treatment was performed and the obtained dark solution 
which contained Zn NPs was washed three times. The produced Zn NPs were further used for 
MTT assay study. The IC50 value of Zn NPs was determined as the lowest concentration of 
nanoparticles which reduced growth of PC12 cells to lower than 50%. Also for investigating the 
mechanism of toxicity induction, the flourcent staining using Rhodamin 123 dye, and LDH 
enzyme assay were done according to standard protocols. 
Results: The results showed that Zn NPs were spherical in shape and their particle size ranged 
from 30 to 80 nm. Analysis of the nanoparticles cellular cytotoxicity test showed that at a 
concentration of 62.5 μg/mL, the cell viability was reduced to 50%. In the enzymatic secretion 
method using LDH, the enzyme secretion increased significantly in response to Zn NPs 
concentration (30, 60, 120 μg/mL). Also in the colorimetric tests using rhodamine 123 dye 
content, cellular membrane damage and mitochondrial release were increased in response to Zn 
NPs concentration (30 and 60 μg/mL). 
Conclusion: Zinc nanoparticles exhibit cytotoxcity effect on neuronal cells by concentration-
dependent manner and at their high concentrations can disrupt membrane integrity and 
mitochondrial damage, but further studies on the cytotoxicity mechanisms associated with these 
compounds are required. 
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